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I INTRODUCTION 
Since arterial infusion of anticancer agents was first reported by KLOPP14> 15> 16> in 
1950, it has been widely used in the field of cancer chemotherapy1>2>3H> 5>s> 10>. Recently 
SllLLJVAN37>3s>39H0> has improved the method, and showed its clinical usefulness. The 
therapeutic effects of the treatment are thought to be related to a high concentration of 
the drug in the tumor tissue. Intraarterial administration of drugs 四n he performed in 
various fashions, such as single and repeated injection or infusion, and their conbination. 
The concentration of the drug in tumor tissue must vary according to the method of in-
traarterial administration. Despite the fact that the drug concentration in the tumor tissue 
is thought to play an important role in this kind of treatment, few reports have been 
available regarding the actual drug concentration in the tissue after intraarterial administ-
ration of the drugs. Changes in drug concentration in the tissue might be reflected in 
those in the draining lymph from the tissue. The pr田entstudy has been attempted to 
evaluate various methods of intraarterial administration of anticancer agents. The author 
measured the concentration of nitrogen mustard N-oxide (NMO) in the thoracic duct 
lymph of male rabbits after the drug was given into the celiac artery by various m回 ns
of intraarterial administration. 
I MATERIALS AND METHODS 
A. :vtethod of collecting thoracic duct lymph 
1. Animals 
孔falerabbits (over 2 kg of body weight) were used. 
The animals were fed with 500cc of water and 50 g of solid food at 10.00 a. m. every-
day. 
2. Techniques 
The animals were injected intravenously with 0.5 cじ of5舛 pentobarbital sodium 
(Nembutal) per kilogram of body weight and fixed to an operating table in the supine 
position. A median incision of about 7cm was made over the anterior aspect of the neck, 
extendi噌 tothe upper edge of the sternum. After the trachea was exposed, the left in~ 
ternal carotid artery and vagal nerve were isolated as shown in Photoes 1 and 2. When this 
artery was retracted medially, the jugular lymph trunk was ready to be identified, and 
l明削 Afterthe upper end of the sternum was detached from the muscles, the j問lar
lymph trunk was followed downward, by use of 10 power magnification of stereoscopic 
microscope (Model SM 2,Nikon), until the thoracic duct was found at the left edge. of 
NITROGEN MUSTARD N-OXIDE CO:¥TE'.¥'T IN THORACIC DUCT L Y:VlPH 877 
Photo. 1 Stereoscopic microscope （× 10) 
the upper end of the sternum (Photo 3, Fig. 1). The stream of lymph wぉ sometimes
recognized under the microscope. When it was difficult to find the thoracic duct in the 
ordinary place, the left clavicle was. removed, which made the exploration回 sier. After 
two threads (No. 2) were passed under the thoracic duct, a siliconized polyethylene tube 
(California University Institute No. 3) was inserted into the duct through a small inci-
sion made in the anterior wall of the duct between the threads. Lymph from the inserted 
tube was collected every hour in a separate collecting flask for about 16 hours. During 
the collection of lymph anesthesia was added by giving 0.5cc of 5タ ='lembutal,whenever 
the animal awoke enough to move. In a male rabbit of 2 kilogram body weight, about 
2 cc of lymph was obtained every 30 minutes for the first two hours. 
B. 恥1ethodof continuous arterial infusion 
1. Techniques of catheterization : 
The anatomical relationship of the arteries supplying the stomach of the rabbit is 
shown in Fig. 2. A No. 3 needle (for intestinal anastomosis) was attached to the tip of 
a polyethylene tube with an internal diameter of 0 02 in. and external one of 0.03 in. 
which was smaller than the internal diameter of the celiac artery (Fig. 3). 
As shown in Fig. 4, the needle was directly inserted into the aorta lcm distal to the 
celiac artery and led to the later. Then it was taken out through its wall 0.5cm distal 
to the aorta while the celiac artery was stretched. The top of the polyethylene c且theter
which followed the needle was cut off and the catheter was drawn back so that its tip 
might remain within the celiac artery. Bleeding from the wound on the celiac artery was 
easily controlled by finger tip pressing whereas bleeding from the aortic wall needed some 
sutures. 
2. Apparatus of pr田sureinfusion : 
Through the polyethylene tube inserted in the celiac artery, NMO was to be delive-
red against the arterial pressure. For the purpose of performing pressure infusion, a pres-
sure apparatus (Fig. 5) was used. The infusion pressure which was indicated by the 
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Photo. 2 Neck structures of rabbit revealed by dissect10日
Photo. 3 Silccnize:l polyethylene tube inserted川tけ thoracicduct using 
stereoscopic microscope shown in Photo. 1. 
Tho~a.cic Duct 
Fig. I Explanation of photograph 3 
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superior 




A.pancrea t icod uode nal is 
A.gastroepiploica dextra 
Fig. 2 Artenト arisingfrom celiac axis inrabbit 
一ー一一Needle〔foointestines) No.3 
mercury manometer C was kept at about 
150mm Hg by the special device A. This 
was composed of a U-tube which contai-
ned mercury, and the upper end of which 
formed an ampule (Fig. 6). If the mer-
cury column shifted to the left side of the 
U tube and air pressure exceeded 150mm 
Hg in the tube九 airescaped from the 
ampule, passing through the mercury co・
lumn as bubbles. 
、Po1yethy1eneCa.thete• 
interna.1出回eteベ0.02inches) 
externa.1 diat時 ter(0.03 inches〕









A目 02pressure regula↑ing apparatus 
B N M 0 
C : mercury manomete「
Fig. 5 . ¥ppdratus for continuous arterial infusion 
Hg 
Air Pressure < lう0mmHg Air Pressure ) lち0mmHg 
Fig. 6 Detailed illustration of CJ, pre＂、ureregulating apparatus 
3. Administration of NMO 
A total dose of lOmg of NMO per kilogram of body weight was given each animal 
excepting one animal in which 40 mg of NMO per kilogram body weight was given as 
described below in experiment E. The manner of intraarterial administration of the drue: 
was divided into 4 groups 1) single injec加n,2) repeated injections, 3) single infusionゅ
and 4) repeated infusions. If administration of a single dose ends in 5 to 60 seconds. 
mostly from 5 10 seconds, it is called ‘in 
more than 1 hour is termed as“infusion”If the total dose is administered at a ti~e. it 
is時 rredto as single injection or infusion, while "rep山 d”isused instead of “single” 
when the administration is. fractionized, the divided dose being given repeatedly. The 
total dose was diluted in salme at a concentration of 0.5mg/cc. When infused the solu-
tion was given at a rate of 40 to lOOcc per hour. Dosage schedules for various methods 
of the drug administration are shown in Tables 1, 3 and 5. 
C. Quantitative analysis of NMO 
The amount of NMO in the collected lymph was measured by MINAMI's colorimetric 
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method23>25> by use of bromocresol purple (B.仁 P.).
The procedures were as follows 
l. A 5cc sample containing NMO was trans£ erred into a glass stoppered t白ttube 
(water added if les than 5ee), then lOee hexane, lee of N HCI and lee of N NaHS03 
(freshly prepared) were added. The mixture was agitated gently and left alone for 5 
minutes. 
2. Then 3ee of 15N KOH were added. The mixture was agitated rapidly and een-
trifuged for 5 minutes at 5000 rpm. The glass stopper was used to prevent evaporation 
of the solvent. 
3. After 5ee of the supernate was transferred to another dried test tube, 0.5ee of B. 
C. P. r回 gentwas added and mixed well. The mixture transferred to a dried el, then 
measured by a speetrophotometer (blank at 410mμ) exaetly 1 minute after the addition 
of B. C. P. reagent. 
4. Hexane was used as blank. 
5. As r回 gentblank, distilled water was used instead of the samples and its value 
was determined in the same way (1-4). 
6. The eontent of NMO was expressed as the value of ( 4)les the value of (3). 
These proeedures were applied to a 
senes of samples of whieh the NMO eon-
tent was known, and the extinetion-eoneent-
ration eurve was made. As shown in Fig. 
7, the NMO eoneentration in the solution 
was proportional to its extinetion rate ae-
eording to Beer’s law. Therefore the NMO 
eoneentration of samples to be tested can 
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Fig. 7 Extinction-concentration curve for 
quantitative analysis of NMO 
60 40 20 
RESULT 
The drug dose sehedules and results are shown in Tables 1-6 and Figures 
In these figures the left ordinate indieates NMO eontent in thoraeie duet lymph 
right ordinate represents a single dose given to the animals. 
A. Single and repeated injeetions 
The drug dose sehedules and results for “injeetion" are shown in Tables (1) and (2). 
1) In Case Al' in whieh the drug was injeeted in 10 divided doses at intervals of 
one hour, the drug eoneentration in duet lymph was the highest 10 hour宍 afterthe first 
injeetion and it fel to 1γ／ ee 15 hours after the first injeetion (Fig. 8). 
2) In Case A2, in whieh the drug was given in 5 divided doses at intervals of 2 
hours, the highest eoneentration of 14γ／ ee was obtained 10 hours after the first injeetion 
(Fig. 9). 
3) In Case A3, in whieh NMO 
8 '27. 
and the 
dose at an interval of 3 
Ill 
was given in 3 divided 
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Total Do世Se~ ' Single Dose 
o l.Omg/kg 1 hour × 10 + 
合 2.0 I 2 × 5 I 
0 3.3 3 x 3 i 
合 5.0 ' 5 x 2 ' 
合 10.0 I JO x 1 j 
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case 
hours, the highest concentration of 18γ／cc 
was seen 9 hours after the first injection 
and then decreased rapidly. In 17 hours 
>Jl¥10 was no longer detected (Fig. 10). 
4) In Case A,, in which NMO was 
injected in 2 divided doses at an interval 
of 5 hours, its concentration had two peaks 
2 hours after each injection. The value of 
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I : Adm1rustrol1on of NM O 
5) In Case A,, in which the total 
dose was injected at one time (single in-
jection), the NMO concentration reached 
its maximum value of 20 y /cc 3 hours af-
ter injection and then rapidly fell to 1γ／cc 
5 hours after injection (Fig. 12). 
B. Single infusion 
Tables 3 and 4 show the drug dose 
schedules and the results for single infu陶
sion. 
? ?
? 。 。 ? 。 ?
Fig. 8 ＇＼九！＜ i concentration in thoracic duct 










1) In L、川eB1, in which the total dose 
of drug was infused in 10 hours, the hi-
ghest concentration of NMO (9γ／cc) was 
obtained 6 hours after the onset of infu-



















Fig. 9 '¥M() concentration in thoracic duct 
lymph in repeated arterial injections ' . .¥,1 
。
t Adm1n1S十，otonof NMO 
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Fig, 10 :¥':vi() concentration in thoracic duct 
lymph in repeated arterial injections lλ：＜＇ 
O I 
~： Admo,troho of NMO 
{! : Administrotron of N附
Fig, 11 :¥M() concentration in thoracic duct 
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Fig, 12 :¥Mυconcentration in thoracic duct 
lymph in single arterial injection 1 _-¥,1 
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2) In Case B2, the highest concentration of 9γ／cc 
onset of infusion (Fig. 14). 
3) In Case B3, the highest concentration of 12γ／cc was obtained
 between 4 and 5 
hours after the onset of infusion. The concentration of NMO
 decreased rapidly in 5 to 6 
hours (Fig. 15). 
4) In Case B4, the concentration curve showed a peak with a v
alue of 12γ／cc 3 
hours after the onset of infusion, and then decreased to 1γ
／cc 7 hours after the onset of 
infusion (Fig. 16). 
5) In Case B;, the highest concentration of 26γ／cc 
onset of infusion (Fig. 17) . 
was obtained 3 hours after the 
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Fig. 15 ,I¥;’＼10 concentration in thoracic duct 
lymph in single arterial infusion (Ba) 
Fig. 14 :.!>I< J concentration in thoracic duct 
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Fig. 16 NMO concentration in thoracic duct 
lymph in single arterial inf usio口！日1J 
Fig. 17 NMO concentration in thoracic duct 
lymph in single arterial infusion (B5〕
6) In Ca礼 白B6,the highest concentration was 21γ／cc 2 hours aft
er the onset of in・ 
fusion (Fig. 18). 
C. Repeated infusions 
The dose schedules and results for repeated infusions are 
shown in Tahkミ 5and 6. 
l) In Ctsl' ( .11 a single close of 2mg/kg was infused for an hou
r four times with 
885 
10 mg/kg 
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intervals of one hour. The highest con-
centration of 5.5γ／cc was reached 5 hours 




2) In Case C2, in which a single 
dose of 5 mg, kg was infused for an hour 
twice with a pause of 4 hours, the highest 
concentration of 11γ／cc was obtained 6 
hours after onset of the first infusion (Fig. 
20). 
D. Single and repeated infusion th-
rough a polyethylene tube inserted into the 
aorta retrogradely from the femoral artery 
In this experiment a polyethylene tube 
was inserted into the aorta retrogradely 
from the femoral artery and its tip was maintained at the level of the celiac axis. 

























Fig. 18 NMO concentration in thoracic duct 
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1 hourx 5 
Single Dose ろぞX
5 Table 
C蹴 iBody Weight 
C1 j 2.5kg 
C2 I 2.3 
., Infusion of the duration of one hours was repeated five times with intervals of one hour. 
13 12 
Hourly changes口f＼九I( J content （γ／cc) in thoracic duct lymph after the on配t
of repeated arterial infusion 
1/213141516 
413161415141 


































亡，］: Infusion州 MO Single Dose・・・・ 5m仏Qlhour
口uratio門ofInfusion・ I hoerr. 2 
Fig. 20 N¥l() concentration in thoracic duct 
lymph in repeated arterial infusion ~ C2 1 
10 8 9 6 5 4 2 3 4 S S 7 S 9 10 I I t 
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Fig. 19 N¥H) concentration in thoracic duct 





























































































































































































Dose・・ 8 mgfkn, 
’ γnour 
Duration of Infusion・ ・I. 25 hours 



























2 3 4 
2 mgJl.n, 
’ヲnour
Durol1on of Infusion I hour x 5 




















Comparison between results obtained by direct intubation into the celiac 
artery and wlrり日raclcfemoral intubation into the aorta 
Dotted line : direct intubation 
ト），Jidline : retrograde intubation 
21-26 Fig. 
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those in Tables 3 and 5. The results are shown in Figures 21 26, in which the solid 
lines represent the drug concentration in duct lymph in the cases of retrograde intubation 
into the aorta and the dotted lines to be compared show the results in the cases of direct 
intubation into the celiac artery. In al cases, 
the drug concentration in duct lymph was 
higher when the tube was inserted directly 
into the celiac artery. 
E. Repeated infusions of a highly 
concentrated solution of NMO 
A total dose of 40 mg of NMO per 
kilogram body weight was dissolved in 100 
c of saline, which was divided into four 
doses. The divided dose of lOmg/kg was 
infused four times with intervals of one 
hour. The concentration of the drug in 
duct lymph showed a peak value of 30γ／cc 
5 hours after the onset of the first infusion 
and decreased thereafter (Fig. 2.7). In this 
case the blood pressure fel to 70mmHg 










Du r口tion of Infusion・ . , hour x 4 
Fig. 27 I¥MO concentration in thoracic duct 
lymph in repeated arterial infusion with 
large amount of I¥MO 
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Chemotherapy of malignant tumors is stil far from satisfactory, whether cel poisons, 
metabolic antagonists or antibiotics are employed. Although it seems impossible at present 
to cure malignant neoplasms by chemotherapy alone, many investigators have been trying 
to increase the effect of anticancer agents with minimum side effects. In 1955, KLOPP et 
al14> 15> 15> reported a new method of administering anticancer agents intraarterially. They 
gave nitrogen mustard to rats which were bearing Hardrian gland carcinoma '¥Jo. 2226 
or pseudomucinous adenopapillary carcinoma of the ovary, and noticed remarkable degene-
rative changes of the tumor cells compared with the results obtained hy usual intravenous 
administration of the drug. Since then intraarterial injection of various alkylating agents 
such as nitrogen mustard and its N-oxide compound (NMO) has been studied by many 
investigators1> 2>3>4川 BJ9J1oi12J19J3oJ31J34J35J3sJ. Recently SutLIVAN37J3S)39l40> has reported ex-
cellent results obtained by arterial continuous infusion chemotherapy by use of a special 
pump. All these investigators have been intending to give a higher concentration of the 
drugs to the tumor tissue. To improve the effect of the drugs given in this way, it is 
indispensable to know at what concentration and how long the administered chemothera-
peutic remains in the tumor tissue before excreted or decomposed. As DRUCKREY6> n poin『
ted out, the effects of chemotherapy depend on the sites of action and the duration of 
effective concentration of the chemotherapeutic agent. 
There is no need to say that al the drug administered intraarterially does not neces-
sarily enter into the tumor tissue nourished by the artery. Some amount of the drug 
IV 
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which has entered into the tumor tissue is thought to be drained through the lymphatic 
vessels and the changes in the drug concentration in the draining lymph might be corre-
lated to those in the tumor tissue. Therefore, measurement of the drug concentration in 
draining lymph might give more valuable, although indirect, information on the changes 
in drug concentration in the tumor tissue itself. 
Although there have been many reports concerning plasma or urinary concentration 
of anticancer agents administered in usual ways such as intravenous administration, few 
authors have dealt with their lymph concentration. In regard to arterial infusion, almost 
no work has been on the concentration of anticancer agents in lymph except one by 
TOKUOKA 41H2> who measured the lymphatic content of nitromin in a dog. He inserted a 
polyethylene tube in the aorta, through which nitromin was given by single infusion. In 
the present experiment ]','MO was given to male rabbits intraarterially in varying fashions, 
and then the concentration of N:VIO in thoracic duct lymph was measured. 
Consideration of experimental animals : Female rabbits were avoided because humoral 
changes in pregnancy might affect experimental results. ¥Vhen a large amount of fatty 
food was given to facilitate visualization of the thoracic duct, duct lymph contained many 
fat globules, which made the measurement of NMO content in the samples difficult. 
Therefore, the animals were fed regularly with 50 gram of solid material and 500cc of 
water at a certain time once in the morning. 
Factors affecting thoracic duct lymph flow : ¥Vhen the amount of NMO in the unit 
volume of thoracic duct lymph is to be examined as in this experiment, eveηr factor 
which affects normal flow rate of duct lymph should be avoided. Although the factors 
having influence on the lymph flow rate have not been fully understood, the following 
are given by REI閉店DT川： i) autonomic nervous system, i) circulating blood volume, 
ii) electrolyte balance, and iv) osmotic pressure. When the abdomen is opened and the 
major splanchnic nerve is involved, changes in the tonus of the autonomic nervous system 
is thought to result in the changes in the lymph flow rate. Therefore, in this experi-
ment, the abdomen was closed soon after the 
polyethylene catheter was positioned in place. 
Bec丘usemovement of the animals would 
result in changes in flow rate of the duct 
lymph, the animals were anaesthetized. A 
constant level of anesthesia was maintained 
with 0.5cc of 5 % Nembutal injected everv 
2 hours intravenouslv. 
As to the effect of circulating blood 
volume, KOTANI and SHIGEMOT032> observed 
a rapid and prolonged increase in lymph 
flow in rabbits when 180-200cc of saline 
was infused at a rate of lcc per minute. 
A large amount of fluid should not be gi帽
ven, when a constant flow rate of lymph 
is required. In this experiment, the total 
Left Internal 
Jugular Vein 
Fig. 28 Indirect method of colecting chyle 
(T. Schimizu)33J 
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amount of NMO solution given to the animals was limited to les than 40cc and lOOcc in 
injection and “infusion”respectively. When lOOcc of the NMO solution was infused, the 
rate of infusion was les than lOOcc per hour. 








































I.J ......... Internal Jugular Vein 
E.J. . ...... ~xt ernal Jugu l"r Vein 
T.S .........弓capularVein 
Sub ......... Subclavian Vein 
A. . ......... Aorta 
T.D ......... Thoracic Duct 
G.N. . ••••••• Lymph gland 
A.V ......... Azygos 
I. V. . ....... Anonymous V em 
• .・Ter. 
--Sub. 
Ter ......... Orifice of the thoracic duct into℃h e
subclaviηn vein 
Fig. 29 Anomalies of thoracic duct in rabits (Kistler, R.H.)13> 
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throuQ"h the left subclaYian vein is used (Fig. 28), the sample is often contaminated with 
blood~ In addition, anatomical anomalies of the junction of the thoracic duct with the 
ein occasionallv seen in rablコits(Fig. 29) 13)17)20)21)22)24J2<J2BH3l may cause difficulty i n
collecting lyr 
duct, into which a siliκonized polyethylene tube was inserted directly. Pure lymph ob加.ned
by the direct collec叫 methoddid not need correction for blood cont 
tin12: 0i:'vl0 content in the samples. 
。Quantitativeanalysis of '.'JMO : NMO can be quantitatively determined by various 
meth~s・ for example, radioactive t即 er帥 nique18>25l,chem凶 analysis,or bioassy. The 
~hem印 analysis ~ethod wh凶 cangive the figures of active form of ;¥lMO was em-
ployed in this experiment. 
Because activity of ~＼MO decreases by % 
one half in 4 hours in saline solution (Fig. ioo 
30）川，：－－.；：vlOsolution should be freshly 
prepared every 3 to 4 hours prior to ad－ちO
ministration. 
l 2 う 4 日 6 1 8 
hoはrs
Fig. 30 Rate of decrea田 of¥:MO in saline 
and blod of mou町 （Tokuoka,J.)41 
When the drug was given through the 
国 theterinserted directly into the celiac axis, 
the concentration of the drug in thoracic 
duct lymph was obviously higher than when 
the drug was administered through the ca』
theter introduced into the aorta. It白nbe 
said that the drug should be given directly into the feeding artery, when a higher con-
centration of the drug in the tissue is required. 
Drug concentration in thoracic duct lymph ・ In our experiment in which the total 
doses of the drug was given by “single injection", the drug concentration in the duct 
lymph an hour after the injection was as high as 17γ／c, and 3 hours after injection it 
reached the highest level at 20y /cc. Thereafter it decreased and became les than 1γ／cc 
in 5 hour弓afterinjection. In contrast, when the drug was given in ten divided doses at 
interval'.' of one hour, the drug concentration rose gradually and reached the highest level 
from 9 to 10 hours after the first injection. After the last injection of the divided dose, 
the decrease in the drug concentration was not so rapid as seen in the case of －‘single 
injection'' and the period of 6 hours elapsed before the drug concentration reached the 
level of lγ／c. 
When the drug was given in two divided doses, the curve of the drug concentration 
showed two peaks, each two hours after injection, and decreased to about zero 4 hours 
after the second injection. When the drug was given in 3 or 5 divided doses, a consi・
derably high level of the drug concentration was maintained for a long period and the 
highest level was obtained 3 hours after the last injection in both cases. Thereafter it 
needed 8 or 11 hours for the drug concentration to reach the zero line. From these results 
it might be said that when the drug was given in three divided doses, it was retained 
in the tissue for a while, to be released into the thoracic duct lymph thereafter. In regard 
to maintenance of乱 higherlevel of the drug concentration, the injections with three di・
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vided doses at intervals of 3 hours seem to be best. In addition, in these cases the high 
drug concentration lasted for the longest period. 
~uppose the dru原 concentrationin the lymph is in proportion to that in the tissue, 
the results described above might indicate that a given amount of drug should be admi-
nistered in divided doses at intervals of about 3 hours when a higher drug concentration 
is to be given to the tissue for a longer period. 
When the drug was given by single infusion for 10 hours, the drug coneぞntration
m the duct lymph rose gradually and reached the highest level 6 hours after the begining 
of infusion. Then it remained almost at the same level during the period of infusion, to 
reduce gradually and reach about zero 5 hours after the end of infusion. The plateau of 
the concentration curve might indicate that the drug in the tissue was keeping a balance 
between transmission from blood and release into lymph. ¥Vhen the same amount of drug 
was infused for one hour or so, the curve of the drug concentration was similar to that 
of single injection. The drug was found in the duct lymph a litle longer than in the 
case of single injection. 
When the drug was infused for periods varying from 1.25, 2, 2.5 and 5 hours, the 
drug concentration curve increased more slowly with a lower value of the highest level. 
After the end of infusion, the drug concentration reached almost the zero line in 5, 7 
and 4 hours respectively. In al ω円切 of these single infusions, the highest level of the 
drug concentration appeared one or two hours after the end of infusion, excepting in the 
case of single infusion for 10 hours.人 similar response was seen in the cases of repeated 
injection, which gave the highest drug concentration a litle later, that is, 2~3 hours after 
the last injection. The time necess乱ryfor the lymph in the tissue to r回 chthe cervical 
portion of the thoracic duct must affect to some extent the retardation of the highest 
drug concentration. Difference in the time of appearance of the highest drug concentration 
between the infusion and injection cases might also indicate that a larger amount of the 
drug was retained in the tissue when the drug was given by injection. To recapitulate, 
single infusion for varying periods with the same total dose did not give any benefit 
compared with single or repeated injections. 
Infusion was also done with the same amount of drug dissolved in the same amount 
of saline, divided into two or fo・e parts, with each lasting for one hour. ¥Vhen the drug 
was given by two fractionized infusions the curve of the drug concentration did not show 
any peak after回 chinfusion in contrast to the ca対 ofinjection which was divided. It 
might be suggested that when the concentration differential of drug across the blood vessel 
wall is small the drug is retained in small amounts in the tissue. When a given amount 
of drug is given by injection, it might induce a larger concentration differential across the 
blood vessel wall in the tumor tissue when compared with the case of infusion of the 
same amount of drug. This does not necessarily mean that the larger the concentration 
differential, the more the drug is transported into the tissue. ¥Vhen the drug concentration 
in blood is too large, it will affect permeability of the blood vessel wall, which might 
result in reducing the rate of transportion of the drug into the tissue. An appropriate 
single dose in this respect has not yet be examined. Any way, infusion method does not 
seem to give any benefit when compared with injection method when a higher drug con-
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centration in tumor tissue is required for a longer period. On the other hand, when a 
constant level of drug concentration for a longer period is needed, for example in the回 se
of administration of such an antimetabolite as methotrexate, continuous infusion might be 
best for maintaining such a plateau as seen in Fig. 13. 
V CONCLUSION 
After a total dose of lOmg of 0i0.IO per kilogram body weight was administered in-
termittently or continuously through a polyethylene catheter inserted into the celiac axis 
of male rabbits weighing from 2 to 2.5kg, thoracic duct lymph was collected continuously. 
The amount of NMO in thoracic duct lymph was colorimetrically determined by the 
hexane bromocresol purple method. The results were as follows . 
1) The concentration of >il¥10 in thoracic duct lymph was higher when the drug 
was administered through a catheter inserted into the celiac axis than when administered 
through a catheter introduced retrogradely into the aorta from the femoral artery to the 
level of the celiac artery. 
2) ¥:Vhen the total dose was injected at a time or infused in an hour, the NMO 
concentration reached a maximal value of 20y /cc 3 hours after the onset of administration. 
Although a higher concentration lasted slightly longer in the叩seof single infusion than 
in theαse of single injection, itdecreased rapidly within a short period of time in both 
cases. 
3) When the total dose was injected in ten divided doses at intervals of one hour 
or inf used for the period of ten hours, a constant level of the drug concentration was 
maintained for a longer period. 
4) When the total dose was injected in divided doses at intervals of 3 to 4 hours 
a considerably higher level of the drug concentration was obtained for the same period of 
time as when the drug was given for the period of 10 hours. 
5) As activity of NMO decreases by one half in 4 hours in saline solution, the 
solution should be prepared within 3 hours before use. Consequently, rep回 tedintraarterial 
injection of freshly prepared NMO solution every 3 to 4 hours seems to be the most 
effective method of administration to maintain a higher drug concentration in lymph for 
a longer period. 
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2) I回の SingleInjectionとI回の SingleInfusion 
の場合とでは，投与開始3時間後に共に最高濃度20y/
ccとな り， 投与直後の濃度は極めて高いがp 濃度の維
持時聞は短い．この両者の比較ではp Infusion法の方
がp やや維持時聞が長い．
3) 総量を10回に分割しP 1時間に 1回の割合で10
回くり返す RepeatedInjections，あるいは 10時間に亘







5) 生理的食塩水中では， ¥"MOの活性は， 4時
間で半減する故，投与前3時間以内に新製したものを
使用すべきである．この点からみてもP 3）の投与法は
その都度， NMOを新に調製出来るので便利である．
結局p 以上の実験成績の範囲内では NMOを動脈
内に投与する坊合に，リンパ液内に持続的に高濃度の
薬剤jを移行させるためには， 3～4時間毎に，新に調
製した溶液を分割注射する方法が実用的価値があると
思われゐ．
